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doi:10.1016/j.ejvs.2011.01.025Abstract Objective: To analyse management and outcomes of carotid artery (CA) injuries.
Design: Retrospective study of the patients in the combat operations in Chechnya (1999e2002)
and in peacetime (2003e2009).
Materials: A total of 46 patients with missile (27) and stab (19) wounds, who had common and
internal CA injury, underwent an open surgery. Temporary shunts (TSs) were placed in eight
patients with more severe injuries.
Methods: Retrospective analysis of patients’ data.
Results: CA ligation and CA repair were performed in 9 and 37 patients, respectively. Of the
nine patients with CA ligation, five developed neurologic deficit; the remaining four patients
died (100% of poor outcomes). Of the 37 patients with blood flow restoration, nine patients
died and neurologic deficit persisted in two patients (30% of poor outcomes) (p < 0.05). Among
patients with TS, three patients died and two had stable neurologic deficit (63% of poor
results). Of the patients without TS, 10 patients died and five had neurologic disorders (56%
of poor outcomes) (p Z 0.53).
Conclusions: CA repair is the method of choice in CA injury. TS use does not result in
a decreased mortality rate or neurologic deficit reduction in patients with severe injuries.
ª 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Traumatic injuries of the neck vessels occur in up to 10% of
total vascular injuries, with wounds of the neck occurring
more frequently than blunt trauma.1 The majority of
patientswith vascular neck injuries diedat the sitewhere the
injury occurred or during transport to medical facilities.2921 3749967; fax: þ7 812
A. Reva).
ty for Vascular Surgery. PublisheAccording to current data, mortality associated with
carotid artery (CA) injury may reach 50%,3,4 and the inci-
dence of persistent neurologic deficit development is 80%.1
Optimal management of patients with severe neck wounds
remains a controversial issue.5 There is continuing discussion
about the indications for CA ligation, the assessment and
prognostic value of neurologic deficit, the need to use
temporary shunting (TS) in cases of common carotid artery
(CCA) and internal carotid artery (ICA) injuries and the
feasibility of and need to accomplish reconstructive surgeryd by Elsevier Ltd. All rights reserved.
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advantage of our experience in the management of more
than 600 patients with neck wounds, we focussed on
approaches to CA injury management.
Materials and Methods
The present retrospective study deals with the management
of 46 patients with injuries to the CCA and ICA. Seventeen
civilian patients were admitted to the War Surgery Depart-
ment, Military Medical Academy (urban Level 1 trauma
centre) between January 2003 and December 2009. Twenty-
nine soldiers were wounded during combat operations in
Chechnya between November 1999 and August 2002. The
management of patients in Chechnya was accomplished by
War Surgery Department specialists attached to medical
reinforcement groups during the second Chechnya campaign
in the Mozdok Hospital (Level 2 trauma centre). After the
surgical operation and following condition stabilisation, the
injured soldiers were transported to the Level I trauma
centre by medevac. This study was approved by the Ethics
Committee of the Military Medical Academy.
The study dealt with the patients with confirmed injuries
to the CCA and ICA. Patients with external carotid artery
(ECA) injury were excluded from the overall cohort because
the method most commonly used was ECA ligation. The
following data taken from case histories were analysed:
demographic data, source of injury, the presence of other
vascular injuries and injuries to the internal cervical
structures, the presence and severity of associated injuries
to other areas, state of consciousness and neurologic
status, type of surgical operation and outcome.
All patients underwent physical examination upon
admission, including a neurological assessment, if the
patient’s condition permitted. To diagnose primary neck
vascular injuries, duplex scanning or computed tomography
angiography (CTA) was used (Table 1). When hollow neck
organ injuries were suspected, flexible oesophagoscopy and
fiberoptic laryngoscopy were performed. To diagnose
associated trauma of other areas, the necessary examina-
tions were performed (X-ray and computed tomography).Table 1 Neck wound examination.
Examination upon admission CCA ICA
Physical examination 34 12
active bleeding from neck wound 6 3
wound location in the area
of the major vessel
14 3
expanding or large haematoma
in the injured area
7(2)a 2(0)
hemiparesis 2 1
hemianaesthesia 2 1
anisocoria 1 e
Horner’s sign e 1
asymptomatic injury 3 4
Duplex scanning 13 6
Computed tomography angiography 9 4
CCA, common carotid artery; ICA, internal carotid artery.
a including asphyxia (in brackets).Statistical analysis was performed using the t-test,
Fisher’s exact test and Pearson’s chi-squared (c2) test. We
used the ManneWhitney U test and WaldeWolfowitz runs
test for non-parametric analyses.Results
During the study period, 19 patients sustained stab wounds
and 27 patients sustained missile wounds. CCA and ICA
injuries occurred in 34 and 12 cases, respectively. Each
patient had only one neck injury. Majority of patients were
male (87%); 60% of themwere 30 years of age or younger. The
mechanism of injury and the site of treatment had no effect
on the injury outcome (p Z 0.11), nor did the uniform
approach to the management of patients with CA injury
inflicted either during hostilities or in peacetime. Therefore,
we did not subdivide these two groups of patients when
analysing the treatment outcomes as a whole.
Active haemorrhage from neck injury upon admission and
tense, large and rapidly growingneckhaematoma (especially
in zone II injuries) occurred with similar frequencies (20%).
Classic signs of CA blood flow arrest (pupil enlargement on
the side of the injury, contralateral hemiparesis and hemi-
anaesthesia or Horner’s symptom) were evident preopera-
tively in six patients (13%). CA injuries were asymptomatic in
15% of patients. Severe impairment of consciousness (Glas-
gow Coma Scale (GCS) score 12) was found in 18 patients
(39%), and the degree of consciousness impairment was not
influenced by the type of CA injury.
All the patients included in the study group underwent
surgical management. The presence of absolute signs of
primary vascular injuries of the neck, such as ongoing
active bleeding from the neck wound or the presence of
pulsating and growing haematoma (with or without airway
obstruction), was considered to be the indication for
emergency exploration of the CA. In the absence of the
above-mentioned signs, to exclude injury to internal neck
structures, additional instrumental methods (duplex scan-
ning or CTA) were used. Diagnostic neck surgical explora-
tion was accomplished in half of the patients (52%).
Forty-one patients (89%) suffered zone II injuries. For
the purpose of operative CA exploration in the zone II
injuries, a typical vertical incision along the anterior border
of the sternocleidomastoid muscle was made.1 In zone III
injuries (three cases), standard access was also used,
accompanied by an incision extending towards the retro-
aural area. In our cases, there was no need to do partial
resection of the mandible. In zone I injuries (two cases),
standard access was accompanied by supraclavicular inci-
sion and a median sternotomy along with an anterolateral
incision in the third intercostal space in the patient with
the left CCA injury. In another patient with an injury to the
first segment of the right CCA, median sternotomy was
carried out to expose brachiocephalic trunk.5
Among the patients with missile neck injuries, CA wall
injury was mainly present as transection or tangential
injury, in association with wall contusion or thrombosis, as
revealed by intimal dissection. In patients with stab
wounds, lateral injury to the CA wall prevailed. A wall
contusion of the CCA with a pronounced vascular spasm was
observed in two patients. Intimal dissection with the
18 V.A. Reva et al.development of CA thrombosis occurred in three patients.
This type of vascular wall injury was noticed in individuals
injured by high-velocity missiles.
The following criteria made us ligate the injured CA:
refractory hypotension (systolic blood pressure
<70 mmHg); unconsciousness and bilateral mydriasis; an
associated gunshot wound of the brain; a very severe neck
injury (Abbreviated Injury Scale (AIS)Z 5); the presence of
severe injuries of several anatomic areas, requiring imme-
diate treatment, when simultaneous operations are not
possible; the presence of a high zone III ICA injury in the
skull base; and extensive distal-ICA thrombosis. In all other
cases, CA repair was done. CA ligation was accomplished in
nine patients (19%); the remaining patients underwent
vascular repair using end-to-end anastomosis (37%), lateral
sutures (22%) and vein grafting (22%). The types of opera-
tions performed on the CA are presented in Table 2. The
type of operation was determined by the character and the
length of injured vascular wall in accordance with the AIS
score. As regards injuries caused by high-velocity missiles,
78% of patients underwent resection of the injured portion
of the artery together with vein grafting. The reversed
portion of the long saphenous vein was used as graft
material for the repair of marked CA defects (in the pres-
ence of primary diastasis exceeding 2.5e3 cm or following
resection of the injured portion of the artery).7 No pros-
thetic grafts were used. TS of the CA was performed in five
patients with CCA injury and in three patients with ICA
injury (five with vein grafting on the CA and three with end-
to-end anastomosis). To obtain unbiased indications for TS
use in the identification of causes of neurologic damage, we
used stump pressure (SP) measurement in the ICAs of 16
patients, using the method accepted in carotid endarter-
ectomy.6 TS use during reconstructive operations had no
effect on treatment outcomes. Mortality rate in the case of
TS use was 38%, and it was 26% without TS use (c2 Z 0.41,
pZ 0.52). In relatively stable patients (BP >70 mmHg, GCS
score >8), the mortality rate was 0% with TS use and 24%
without TS use (p Z 0.28).
CA injuries that demand special attention are those
combined with life-threatening injuries in other areas.
Multiple injuries were observed in 18 patients (39%), with
severe or very severe injuries (Injury Severity Score (ISS)
16) noted in 78% of cases (14 patients). Multiple injury
characteristics are shown in Table 3. Signs of shock and
acute blood loss were present in 80% of the cases (37Table 2 Type of arterial repair and relation to type of injury a
Type of operation Types of injuries
Transection Tang
perf
CCA ICA CCA
Ligation 5(2)a 2(1) 2(1)
Lateral suture e e 7(0)
End-to-end anastomosis 6(2) 1(1) 6(1)
Autologous vein grafting 3(1) 2(0) 0(0)
CCA, common carotid artery; ICA, internal carotid artery.
a Deaths in brackets.patients). In the cases of head and neck injuries, imme-
diate severe brain injuries (AIS score Z 4) were found in
two patients who subsequently died. In the case of pene-
trating injuries to the chest and abdomen, the restoration
of blood flow in CA was accomplished on a second-priority
basis, after intra-pleural and intra-abdominal haemorrhage
control and tense pneumothorax correction.
In addition to CA injuries, 16 patients (35%) had other
injuries to the neck structures. There were internal jugular
vein (IJV) injuries in 13 patients, external jugular vein
injuries in four patients, tracheal injuries in two patients,
oesophageal injuries in one patient and thyroid gland injury
in one patient.
The total mortality rate was 28% (13 patents). In the
group of patients with CCA injuries, the mortality rate
reached 24%; with ICA injuries, this figure was 42%
(c2 Z 1.44, p Z 0.23). Also, there was no significant vari-
ability in the rate of neurologic deficit in relation to the
type of main artery injury.
One of the factors determining CA injury outcomewas the
type of operation performed. Carotid artery ligation resulted
in mortality in 44% of cases; this figure was approximately 2
times lower in cases of artery repair (24%) (p Z 0.22). In
groups with comparable injury severity, CA ligation was
accompanied by postoperative neurologic damage in 56% of
patients; this figure reached10% in reconstructiveoperations
(p < 0.01). In general, poor outcomes (death or stable
neurologic deficit)were found in 100%of the patientswith CA
ligation and in 30% of the patients with CA patency restora-
tion (p < 0.05). In the group of patients with neurologic
deficit, the regression of neurologic symptoms following
reconstructive operations was noted in only two of six
patients. Of five patients who died after repair in the pres-
ence of severe neurologic deficit, haemorrhagic stroke was
found in only one autopsy, whereas the cause of death of the
remaining patients was brain oedema.
In addition, treatment outcome depended upon injury
severity and blood loss at the pre-hospital stage. The more
severe the injuries were to the internal neck structures
(according to AIS score) and to the CA in particular, the
greater was the associated mortality rate (p < 0.05).
Of the patients admitted to the hospital who had severe
neurologic deficit (GCS score8), 88% of patients died later;
of those admitted who were in stupor (GCS score 9e12), 60%
died; among the patients admitted who were alert (GCS
score13), no one died (p< 0.001). Furthermore, mortalitynd location.
ential injury,
oration
Contusion, intimal
dissection, thrombosis
ICA CCA ICA
0(0) e e
3(0) e e
2(2) 2(0) 0(0)
1(0) 3(1) 1(1)
Table 3 Multiple injuries.
Multiple injuries ISS <16 ISS 16 Total
Chest 1 5 6 (2)a
Abdomen 1 e 1 (0)
Extremities e 2 2 (0)
Chest, abdomen 1 2 3 (1)
Chest, extremities e 3 3 (1)
Chest, abdomen,
extremities
1 2 3 (2)
Total 4 14 18 (6)
ISS, Injury Severity Score.
a Deaths in brackets.
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patients with severe multiple injuries (ISS 16), 83% of
patients died, whereas ISS <16 corresponded to a mortality
rate of 25% (p < 0.05).
Discussion
CA injuries remain one of the most urgent problems of
vascular surgery.1,5 Reports on CA injury diagnosis and
specific management periodically feature in surgical jour-
nals. In spite of this, each new case of a patient with neck
injuries admitted to the hospital may cause difficulties in
making tactical decisions. The operations on a patient with
a suspected CA injury are determined by the haemodynamic
stability, the presence of associated injuries and general
injury severity. The patient is subjected to immediate
surgery if the patient’s life is endangered (e.g., haemorrhage
or asphyxia). If there are other associated injuries that
require surgery, CA surgery is minimised down to the instal-
lation of a TS or, if time is critical, to the artery ligation. If
upon admission the patient’s life is not endangered and there
is no evidence of a CA injury, an additional instrumental
diagnosis is used. The most informative examination in this
case seems to be CTA.8,9 This method allowed us to identify
ischaemic foci and abandon reconstructive surgery in two
patients. When CA injury is suspected and diagnostic proce-
dures are impossible, exploratory surgery seems to be justi-
fied. Our experience supports the data reported by those
authors who prefer exploratory surgery in patients with
penetrating isolated zone II injuries.10,11 According to Tish-
erman et al.,3 the results of selective operativemanagement
and mandatory surgical exploration are comparable.
However, with multiple injuries, it is advisable to perform
additional examinations to verify CA injury and to identify
any accompanying injuries.When CA injury is excluded, non-
operative treatment is used. During an operation, we
considered the severity of the CA injury (according to AIS),
the presence of primary neurologic deficit, haemodynamic
findings, the presence of associated injuries and the avail-
ability of material for plastic surgery to make a decision
regarding the type of operation.
The common management outcomes in patients with CA
injuries during reconstructive operation appeared to be
better comparedwith those observed in the groupof patients
who underwent CA ligation.1 High risks associated with CAligation were reported by Rubio et al.,12 who described
postoperative neurologic deficit persistence in 12 of 14
patients with neurologic damage on admission. According to
our findings, the symptoms of severe neurologic deficit per-
sisted in all patients who survived following CA ligation.
The choice of operative tactics in the presence of neuro-
logic deficit upon admission remains an equally important
question.1 Many authors report on poor prognoses for patients
with CA injuries with severe consciousness impairment.12,13
The assessment of the causes of this neurologic deficit also
presents difficulties. In our experience, in a number of CA
injury cases, consciousness impairment is caused by systemic
hypotension and/or hypoxia due to acute blood loss and/or
multiple injuries. Thus, of the patients in coma upon admis-
sion, 38% had severe multiple injuries, and all had the symp-
toms of shock. Severe consciousness impairment is thought to
be associated exclusively with acute brain flow failure due to
unilateral CA patency impairment, which occurred in only six
patients that were all haemodynamically stable. Although all
of these patients underwent vascular repair, only three
patients survived (50%).
Rao et al.14 point to the need for CA repair in cases of CA
injury and admit the value of ICA ligation in the absence of
neurologic complications. Wahlberg et al.1 recommend
injured CA repair only in the absence of severe neurologic
deficit. We consider this approach to be justified when irre-
versible brain damage is confirmed by computed tomog-
raphy. We also agree with Liekweg and Greenfield15 and
Unger et al.16 who promote primary CA repair, regardless of
the degree of consciousness depression and preoperative
neurologic deficit. Prolonged neurologic damage cannot be
considered to be the reason for CA ligation.7 The focus on
haemorrhage into ischaemic insult resulted in the death of
the patient with an injured CCA who underwent vascular
repair 14 h after artery ligation had been performed in
another hospital. In another case, a patientwith anastomotic
thrombosis underwent reoperation to restore injured CCA
blood flow three days after wounding, and a total regression
of neurologic deficit was observed postoperatively. The
maintenance of cerebral perfusion is the factor most closely
related to the successful repair of CA injury, rather than the
presence of neurologic damage and its duration.
Thrombectomy from the distal portion of the ICA is
always associated with a high risk of thrombus avulsion and
its migration into cerebral vessels.1 Therefore, we believe
that CA repair should not be indicated in extensive distal-
ICA thrombosis. There do not appear to be sufficient
reasons for the ICA reconstruction in the cases of injury to
the skull base when there are significant technical prob-
lems.15 It seems advisable to use endovascular manage-
ment of zone III injuries, and zone I injuries as well, when
the access to major arteries is difficult and traumatic.17,18
In this case, a diagnostic angiography could turn to a ther-
apeutic one. However, we consider this type of manage-
ment is to be of value in the case of isolated injury or blunt
trauma. The open access is considered to be the most
effective to deal with the consequences of zone II injuries,
which occur the most frequently. Therefore, we propose
that, in spite of the development in endovascular
management used in extracranial artery injuries, the open
access is a priority method, especially in the forward
hospitals during combat operations.
20 V.A. Reva et al.The risk of stroke development in patientswith CA injury is
known to reach 50%; hence, TS to preclude ischaemic damage
is the only effective method of stroke prevention.1 SP
measurement is one of the methods that allows to make
indications for TS of the CA. This is a simple, quick and effi-
cientprocedure in theassessmentofcollateral blood supply to
the brain under the condition of induced ischaemia.19 We
agree with DeLaurentis et al.19 and Cherry Jr. et al.20 who
demonstrated SP measurement in the ICA to be a rather reli-
able method of assessment of Willis arterial circle compe-
tency and compensatory capacity. In themajority of patients,
there is a well-developed collateral blood flow, which allows
the vascular repair to be carried out without TS.21 Many
authors consider SP findings <40e55 mmHg as a determining
factor for TS use.1,6,22,23 According to our findings obtained in
the course of intra-operative measurements, ICA SP values
higher than 55 mmHg usually correspond to pulsating blood
flow inthe ICA stump,which indirectly indicates a closedWillis
circle and the feasibility of artery repair without TS use.
Although our study did not show any significant differences
between the outcomes of themanagementwith orwithout TS
use due to small sampling, we can determine TS effectiveness
when ICA SP decreases and there is a preoperative neurologic
deficit.
Conclusions
These results fromthe study showthatoperativemanagement
of patients suffering severe CA injuries during times of
hostility or peace is governednot only by the typeof injurybut
also by the general injury severity in the presence of multiple
injuries, the severity of the patient’s condition upon admis-
sion and the presence of severe neurologic deficit. CA recon-
struction results in better functional outcomescomparedwith
ligation. The indications for CA ligation should be limited to
the following circumstances: a very severe condition of the
patient; a severe brain injury that is not associated with CA
injury (e.g., in a gunshot wound of the brain); an ischaemic
lesion in the injuredarteryarea that isdiagnosedbycomputed
tomography; the presence of a high zone III ICA injury in the
skull base, when anastomosis is not possible; and extensive
distal-ICA thrombosis. In all other cases, the surgery of choice
should be CA patency restoration. The use of TS does not have
any effect on the outcome in the case of a severe associated
trauma.
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